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▼The mRNA differential display method was developed
to identify and characterize differentially expressed genes
based on the reverse transcription of mRNAs and PCR, us-
ing oligo-dT primers and arbitrary decamers. This allows
the amplification of 3′y termini of poly(A) RNAs, which are
displayed on polyacrylamide gels (Ref. 1, 2). Although the
technique exhibits many potential advantages over con-
ventional methods for isolating genes which are specific to
a tissue or cell type, it still has some limitations. One of
its major drawbacks is that most of the PCR products ob-
tained after purification from the sequencing gel and ream-
plification contain a significant proportion of co-migrating
contaminating sequences, which have a similar size but
different sequence. As a result, the cDNA bands need to
be cloned and re-tested before clones can be selected that
correspond to the genes that are differentially expressed.
However, screening by northern blot of each clone is labo-
rious and involves the use of large amounts of RNA (which
are generally not available) and radioactive material. For
that reason, different attempts have been made to simplify
this screening step (Ref. 3, 4, 5). However, the majority
of the proposed improvements, although easier than the
northern blots, are still tedious and involve the use of ra-
dioactive material and, in some cases, significant amounts
of mRNA (Ref. 3). In addition, some of them do not work
well if the cDNA that is predominant in the band is not the
differential product (Ref. 4). The use of single strand confor-
mation polymorphism (SSCP) gels has been described as a
way of enhancing the screening of the differentially ampli-
fied bands, by purifying the cDNA product of interest away
from others of different sequence but of similar size (Ref. 6).
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However, its use is complicated and the protocol conditions
need to be optimized for each sample. Furthermore, each
PCR product generally produces two SSCP bands (or three,
one for each strand and one for the double strand), which
can further complicate the interpretation of the results.
Differential display is used in our laboratory to ana-
lyze differential gene expression during rat spermatogenesis
(Ref. 7). For re-testing the differential bands after cloning,
we sought a solution that would allow us to save time
and radioactive materials. We have been using a simple
electrophoresis method based on agarose gels containing
the DNA ligand bisbenzimide to which polyethylene gly-
col (PEG) 6000 is covalently coupled (Ref. 8). The dye bis-
benzimide binds preferentially to A+T motifs and the PEG
retards the migration of DNA sequences in the gel in rela-
tion to their A+T content. This technique, reported for the
detection of sequence variation in bacteria, has shown to
resolve differences in A+T content of less than 1% (Ref. 8).
Consequently, differential display products are easily dis-
tinguished because, although the product of interest and
the contaminating products are about the same length, they
are completely different in sequence.
cDNA bands were cloned in a pGEM-T vector (Promega).
Various clones for each band were miniprepped and inserts
were excised by digesting with PstI and SacII. Digested plas-
mids were electrophoresed directly, without previous purifi-
cation of the bands. Electrophoresis was performed in par-
allel, in conventional agarose gels and bisbenzimide/PEG
gels. In the latter ones, a horizontal tank was used but
buffer reservoirs were filled only up to the upper edge of
the gel, in order to avoid washing out of the dye during
the run. Although we suspected that electrophoresis runs
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FIGURE 1. Plasmid minipreps containing the cloned bands from the RNA display were digested with PstI and SacII and run in agarose gels. Normal
agarose gels and gels containing bisbenzimide/PEG were run in parallel. Panels (a) and (b) show results obtained with a 420 bp cloned band and (c) and (d)
results using a different 355 bp cloned band. (a and c) Digested clones electrophoresed in conventional agarose gels containing 2% agarose (w/v) in TAE
buffer. (b and d) The sameclones, but run in agarose gels containing bisbenzimide/PEG (Hanse Analytik) at a concentration of 0.025 OD units/ml. The
electrophoresis buffer was 25 mM EDTA, pH 5.9. The electrophoretic run was performed for 3 h and the running buffer was recirculated every 20 min.
Gels were stained with ethidium bromide, as usual. Twice as much DNA was loaded per lane in (b) and (d) than in (a) and (c). The A+T content of the
different bands in (c) and (d) is as follows: 1, 60.06%; 2, 64.93%; 3, 59.5%; 4, 48%. Sequencing revealed that band 3 had two bases less than the other three,
which were all the same size.
performed without previous purification of the bands from
the agarose could not result in a good separation because
the digested plasmid on top would sequester the dye, our
results show that the runs can be performed directly after
digestion (Fig. 1). The results were confirmed by sequencing
reactions (data not shown). The migration of the different
bands in bisbenzimide/PEG gels is consistent with the ex-
pected behaviour according to their A+T content.
This simple method allows us to separate the obtained
clones in subpopulations according to their sequence, thus
reducing considerably the number of required reconfirma-
tory northern blot or reverse northern dot-blot reactions.
Our approach is much simpler than SSCP. It uses agarose
minigels (unlike MDE gels used for SSCP) and so prepa-
ration, blotting and DNA extraction are easier to perform
(elution and blotting are made as usual for agarose gels,
Ref. 8). It utilizes much shorter running times, running
conditions do not need to be optimized for each batch of
samples, it does not involve the use of radioactivity (gels are
stained with ethidium bromide), and each clonemigrates as
a unique band on the gel. Moreover, by extending the run-
ning times it is possible to separate longer PCR fragments
[e.g. cDNA bands obtained using the GenomyxLR DNA Se-
quencing System (Beckman Instruments)], which cannot
be resolved by SSCP (fragments up to 1500 bp have been
separated by bisbenzimide/PEG, Ref. 8).
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This technique can be also used to separate cDNA popula-
tions directly from the reamplification mixture. This allows
classification of the reamplified bands into those that that
are pure enough to be cloned directly from the PCR reac-
tion and those that need to be purified from the agarose gel
before cloning.
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pGEM-T vector system: pGEM-T vector system
from Promega Corporation
GenomyxLR DNA Sequencing System: Geno-
myxLR DNA Sequencing System from Beckman
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